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The Farmer and the Seeds 
 
There once was a farmer, new to farming.  She began as anybody would, taking the advice 
of more experienced farmers using tried and true methods.  The particular crop that this 
region was known for is planted much like the corn we grow in North America, called maize 
in many other places in the world.  The standard practice is to drop several kernels or seeds 
of corn at each location where we want a plant to grow.  One imagines this may be because 
not every seed is fertile and one wants to guarantee that a plant comes up at each planting 
site.  As it happens, the same was apparently the case with the crop of this region, but the 
crop is not corn. 
 
For this crop, the tradition is to put four seeds in at each planting site.  The seeds for this 
crop are in the shape of little cubes and they have dots on their sides.  So, the novice 
farmer proceeded to plant her fields in this time-honored manner.  But, being a novice and 
not knowing what to wonder about or what is not normally wondered about, she began to 
wonder if the dots had any significance.  At first this was because as she eagerly waited for 
her crop to sprout, she investigated many individual planting sites and noticed that differing 
numbers of sprouts came up in a cluster at each site.  Could the dot patterns have anything 
to do with the number of sprouts that came up? 
 
She decided to put the issue to a test.  She gathered a collection of seeds from different 
sources and at many planting sites she made sure the exact, same dot pattern was facing 
up at her as she covered them over with dirt.  She actually tried two different dot patterns, 
each at many different planting sites in her fields which you can see below.  She watched 
carefully and found that for the first seed grouping, or dot pattern, four sprouts was always 
the result.  For the second seed grouping, or dot pattern, she found that 6 sprouts was 
always the result.1 

The farmer's first two seed groupings: 
First group number of sprouts?                           Second group number of sprouts? 
What do you think? 

                                                
1 She wondered about getting 6 sprouts from four seeds, but decided that maybe some of these seeds might be 
compound seeds.  She resolved to look into this issue later. 

Second GroupFirst Group
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Is it reasonable to imagine that there may be a connection between the dot patterns and 
the number of sprouts?  Why do you think so? 
 
 
 
 
 
 
 
What schemes can you come up with that would reliably and accurately predict the number 
of sprouts based on the dot pattern showing when the seeds are planted? 
 
 
 
 
 
 
 
 
 
 
What does your group think? 
When everyone has come up with answers to the above two questions, share yours with 
your group and listen to the ideas of others.  Below on this page write down any new 
schemes you encounter. 



The Farmer & the Seeds page 3 

Idaho Title I Workshop  04/16-17/09 
  ©D. Dykstra & A. Johnson 

What does the whole class think? 
Once your group has developed a list, the whole class will contribute their ideas for schemes 
to help the farmer.  Write down any new schemes you have not encountered previously. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
How should we proceed with our list of schemes to help the farmer figure this thing out? 
 
 
 
 
 
 
 
 
 
When the class has its list of schemes complete (for now) and a response to the question 
above, turn to the next page. 
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Making observations. (Testing the schemes) 
Another seed grouping the farmer tried: 
 

Third Group

 
 
What is the prediction of each of the different schemes the workshop has come up with for 
this seed grouping?  Record your conclusions about the prediction of each of our schemes 
for this new seed grouping on the previous pages.  (Once we have decided what the 
schemes predict, we will find out what the farmer observed with this grouping.) 
 
 
The farmer actually found that this grouping produces _   seedlings. 
 
 
How do you think should we make use of the comparison between each of these predictions 
and the outcome the farmer actually observed?   
 
 
 
Compare your answer with those around you.  If you hear any different ideas than your 
own, record them in the space below. 
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The Farmer and the Seeds 
Consider the following questions.  First, write down your own personal answers to them and 
then share your ideas with your group.  Write down any new ideas you hear from them. 
 
Where did these schemes we have been discussing come from?  Did the schemes we shared 
with each other exist before we came into the room today? 
(Note:  This question is not about the elements of the schemes: odds, evens, counting, 
arithmetic operations, etc., but the decisions as to what elements to use and how to use 
them.) 
 
 
 
 
 
 
How do we know we have figured out all the possible schemes? Please explain your answer 
 
 
 
 
 
 
 
If we have made many different tests of the seed groupings and have found a scheme that 
has worked on all of them so far, how do we know it will work on the next new test?  That 
is, can we be sure beyond the shadow of a doubt that the scheme will work on the next new 
test?  Please explain your answer. 
 
 
 
 
 
Can we be sure beyond the shadow of a doubt that we would not find another scheme that 
would work just as well?  Please explain. 
 
 
 
 
If we find just one scheme that works every time, can we be sure it is the TRUE scheme?  
Please explain. 
 
 
 
 
 
 
Is the word “truth” relevant to apply to our schemes?  Please explain. 
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If for some reason you find this activity with a Biological ‘flavor’ not appropriate for your 
classes, you can change the setting.  Here’s an example devised by Andy Johnson. 
 
Have you heard about the lines on the Nazca Plateau?  There are a series of lines that run 
for miles in the desert - they were made by people who simply scooped rocks to the side to 
make marks on the desert floor.  The lines, some of them which run perfectly straight for 
miles, were made long ago.  Many of them show figures that are only visible from high up in 
the air. 
 
 I have an anthropologist friend who is down there in Chile right now.  He was studying the 
Nazca culture, but now he's turning to a new investigation since he found this cave.  He 
followed one of the lines to its end in a hillside and found a hidden cave at the end of the 
line.  The cave is pretty short, but hard to find.  At the far end of it my friend found some 
stacks of square tiles that have dots on them, plus a kind of tilted platform on the wall that 
has places for four tiles.  It looked like the tiles were for putting in the spaces. When my 
friend put four random tiles in the spaces, nothing happened until he leaned on all for tiles 
with his hand.  He then heard six bonks emanating from somewhere inside the rock!  It was 
really surprising.  We don't know what's going on, and this is where you come in.  Maybe 
there is a machine behind the rocks, making the bonks, but we don't know how it decides 
how many bonks to make.  He wants to know whether there is a relationship between the 
patterns of dots on the tiles and the number of bonks he hears.  
 
As you can see, it is possible to develop what is essentially the same activity with a different 
context in order to engage your students in the same questions which are really about the 
nature of explanatory knowledge and experiential knowledge. 



the objective of science 
Max Jammer 

 
As a result of modern research in physics, the ambition and hope, still  

cherished by most authorities of the last century, that physical science could 
offer a photographic picture and true image of reality had to be abandoned.  
Science, as understood today, has a more restricted objective:  its two major 
assignments are the description of certain phenomena in the world of experience 
and the establishment of general principles for their prediction and what might 
be called their “explanation.”  “Explanation” here means essentially their 
subsumption under these principles.  For the efficient achievement of these two 
objectives science employs a conceptual apparatus, that is,  a system of concepts 
and theories that represent or symbolize the data of sense experience, as 
pressures, colors, tones, odors, and their possible interrelations.  This 
conceptual apparatus consists of two parts:  (1) a system of concepts, 
definitions, axioms, and theorems, forming a hypothetico-deductive system, as 
exemplified in mathematics by Euclidean geometry; (2) a set of relations linking 
certain concepts of the hypothetico-deductive system with certain data of 
sensory experience.  With the aid of these relations, which may be called “rules 
of interpretation” or “ epistemic correlations,” an association is set up, for 
instance, between a black patch on a photographic plate (a sensory impression) 
and a spectral line of a certain wavelength (a conceptual element or construct of 
the hypothetico-deductive system), or between the click of an amplifier coupled 
to a Geiger counter and the passage of an electron.  The necessity for physical 
science of possessing both parts as constituents results from its status as a 
theoretical system of propositions about empirical phenomena.  A hypothetico-
deductive system without rules of interpretation degenerates into a speculative 
calculus incapable of being tested or verified; a system of epistemic correlations 
without a theoretical superstructure of a deductive system remains a sterile 
record of observational facts, devoid of any predictive or explanatory power.  

The adoption of rules of interpretation introduces, to some extent, an 
arbitrariness in the construction of the system as a whole by allowing for certain 
predilections in the choice of concepts to be employed.  In other words, 
arbitrary modifications in the formation of the conceptual counterparts to given 
sensory impressions can be compensated by appropriate changes in the epistemic 
correlations without necessarily destroying the correspondence with physical 
reality.  In consequence of this arbitrariness, scientific concepts “are free 
creations of the human mind and are not, however it  may seem, uniquely 
determined by the external world.” (Einstein and Infeld, The Evolution of 
Physics ,  1938) 

When science attempts to construct a logically consistent system of 
thought corresponding to the chaotic diversity of sense experience, the selection 
of concepts as fundamental is not unambiguously determined by their suitability 
to form a basis for the derivation of observable facts.  
 
––p. 2-4, Jammer, Max.  Concepts of Force. Dover (1999) originally Harvard University 
Press, 1957. 
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Preface for the Students 
 

These investigations are the foundation of a course in the study of physical phenomena.  
This course is probably unlike any you have ever experienced. 
 

Normally in a science course you have come to expect: 
• to be informed by lecture and the text, 
• to verify what you have been told in the laboratory exercises, and then 
• to practice applying what you have learned in problems. 

 

This is not what will happen in this course. 
 

These investigations serve a very different purpose than verification.  In this course, what 
happens in the laboratory will always precede the discussion in class.  These activities 
are intended: 

• First, to get you to elicit your current ideas about the phenomena and share them 
with your lab partners. 

• Then to give you the opportunity to compare the ideas you have with the actual 
behavior of the phenomena. 

• Finally, to get you to engage in discussions of your observations and the 
implications of these observations for your original ideas.  Together with your 
classmates you will construct new explanations of the phenomena that make sense 
to us when you decide that the original ideas are lacking in some way. 

 

Normally, in science labs closure is the goal; i.e., to verify and finally “know” that what 
you have been told in lecture or the text is “correct.”  In the investigations in this course 
closure in the laboratory is not the goal.  In fact, the opposite is intended.  The hope is 
that, as of the end of each lab period, you will be in a state of disequilibration, i.e. that 
you will have experienced some aspects of the phenomena involved that do not turn out 
as you have predicted in some significant way.  This puts you in the best possible position 
to participate in the class discussion that will follow the lab experience. 
 

This is really what Doing Physics is all about: looking for aspects of the physical that 
which do not behave as one expects and then studying this unpredicted behavior.  Then, 
with colleagues who have also studied this behavior, too, debating the meaning and 
significance of this aspect of nature.  The result is a never ending, but an ever-deepening 
explanation of our experiences with the physical world. 
 

Together with my colleagues, I am indebted to the pioneering work of Lillian 
McDermott and her colleagues at the University of Washington in Seattle and Fred 
Goldberg and his colleagues at San Diego State University on student conceptions 
concerning the nature of light and images.  Of fundamental importance to the thinking 
behind this unit are the influences of Jean Piaget and Ernst von Glasersfeld.  
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A few words before we start…   
Few of us manage from day to day to get by without making use of our ability to see in 

some way.  All of us, at one time or another, have described what we have seen with the aid of a 
lens.  To do this, we have used words we understand to be common in everyday language.  Do 
all who hear us think the same meanings as we do when we speak or write the words?  We are 
going to find out. 

One of the purposes of education is to get people in the habit of “going further;” asking 
and attempting to answer questions as best they can in ways that make sense, honing their 
sense-making skills.  We are going to try to cultivate these habits-of-mind in this course. 

In science we try to confine our questions and answers to those about phenomena that 
we can all experience in some reproducible fashion.  The end result of this “scientific” effort is a 
sort of “story” which explains our experiences and enables us to predict the details of future 
experiences in some satisfactory and useful fashion.  In science these explanatory “stories” are 
often called explanatory models and are the basis of more formally worked out theories that can 
eventually be described in mathematical form.  In constructing these stories we sometimes have 
to reconsider the meaning of words we use.  For such reconsidered words, we have to work out 
refinements of their meaning with others around us. 

So you should think of these activities on light as an exploration not only of light, images 
and lenses, but an exploration of the meanings of the words we use to describe these things as 
well.  We will be faced with the words used by others to describe light.  We have the task of 
deciding to the best of our ability what they might mean by those words they use to describe 
light and lenses.  Hence, we are not looking for THE definition of such words as focus, image, 
focal point, etc. by trying to match or guess what some authority says.  Instead, as members of 
our “community” of classmates, we are going to generate our own description of what we mean 
by the use of such terms that we can take-as-shared amongst ourselves as a class.  We will base 
these descriptions on the experiences we have with the lenses, images and pinholes in class and 
lab. 

One of the first differences between this science course and just about all the others you 
have encountered is in the expression above:  “…we are not … trying to match or guess what some 
authority says.”  Most typical science instruction is about transmitting to you the “right” 
answers, “what really is happening,” or the “truth” which really smart, very intelligent 
scientists have figured out for us.  This transmission of “knowledge” is usually accomplished by 
telling it to you (via lectures and text) and then showing you this “truth” in lab.  Unfortunately, 
usually very little of this knowledge, understanding of the phenomena, is ever actually 
transmitted in any meaningful way in typical science instruction.1 

In this course not only do these “right answers” not exist in the sense normally intended in 
science instruction, but those “really smart, very intelligent scientists” cannot actually determine 
them for us in any meaningful way.  (Actually, this “really smart, very intelligent” idea about 
scientists in relation to the rest of society is open to question, too.)  Only we can actually develop 
our own understanding for ourselves.  While later on we will be in a position to compare our 
understandings with others, there is no authority on the model that we will generate but us. 

The “game” of the farmer and the seeds that we played earlier is intended to illustrate 
this notion of the nature of knowledge that we will be using in this course.  At the end of this 
little series of activities we will “see” where our knowledge comes from and what are our 
sources of certainty about this knowledge. 

Since the notion of knowledge we will be using in the workshop does not include the 
notion that it can be “true” in the traditional sense, it must be pointed out that in making use of 
this view, the “truth,” certainty, or correctness of the view itself is not being advocated.  You are 
not required to accept or believe this view of knowledge or the explanations of the phenomena 
that we end up developing in class.  What you believe for yourself is your right and your 
                                            
1 There is a large body of research to support this claim.  An 8,400 entry bibliography of this 
literature can be found on-line at: http://www.ipn.uni-kiel.de/aktuell/stcse/stcse.html. 



 

Doing Physics:  Images from Lenses iv © D. Dykstra 
  2009 
 

responsibility.  Only you can determine what to believe for yourself.  What is being asked of you 
in this course is “to try on” this view of knowledge used in the course “for size.”  In this way 
you can come to some understanding of it.  With that understanding you will be in a position to 
make use of the view as you see fit. 

So, what would exams be about?  Generally the definitions and explanations that we 
develop, test and then agree upon are substantially different in some way than most people’s 
ideas about light when they start (everyday views).  Hence, by the time we finish today, we will 
have at least two different views or sets of definitions concerning terms describing light, 1) the 
ideas you have as you start the workshop and 2) the ideas we develop during the unit.  If one is 
asked a question about some situation involving light, answers given from these two different 
views may be very different.  If you actually understand each of the two views, then you could 
give or choose answers (in the case of multiple-choice) consistent with either view.  Generally if 
there were an exam, the questions would be ones for which the two views result in different 
answers.  In such exams, answers consistent with the new explanatory models or ideas we 
develop as a group will be the ones that would receive credit.  Answers consistent with views of 
the phenomena we had as we entered the workshop would be the ones that do not earn credit.  
Each set of answers is appropriate in its own context.  So, the exams are not about right and wrong 
answers.  Long experience with this sort of exam indicates that those who have not participated 
in the development of the class’ definitions generally do not do very well. 

In courses using the approach we are describing, it is in the students’ best interest to 
explore this view of knowledge and participate in the process as suggested in the materials and 
by your instructor.  Again, this is not because these views of knowledge or explanations of the 
phenomena are “true” or “right” or because anyone is insisting that students believe them, but 
because students will be more successful in the course if they actively “play along” with what 
we are trying to do.  This consists of examining their own ideas and those of their classmates, 
comparing these with the actual behavior of the phenomena, and then participating in the 
process of generating new ideas which fit the phenomena better when flaws are found in 
existing ideas.  Sitting back and waiting until the class decides is likely to end in a poor grade in 
such courses and will result in the course being boring and frustrating.  On the other hand, 
sitting up and participating in the process, being actively curious and communicative can result 
in a good grade in the course and an overall pleasant experience. 

 
Sincerely, 
Dr. Dykstra 
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Activity 1.0: Light as Rays? 
How Might We Represent Light Rays Coming from the Bulb in a Diagram? 

 
 
 
 
 
 
 
 
 

 
Look at the light bulb your instructor has turned on in the front of the room.  Consider how you might 
represent light coming from the bulb as rays.  Draw the rays in on the diagram above.  In the space 
below, describe what aspects of the light rays your diagram is attempting to represent. 
 
 
 
 
 
 
 
 
To represent a much dimmer bulb, what changes should we make in the diagram above?  Give your 
answer in the space below. 
 
 
 
 
 
 
 
 
Having listened to and participated in discussion in class, what changes would you make to your 
answers above?  Use the back of this sheet if you need it. 
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ACTIVITY 1.1: WHICH MAKES THE MOST SENSE TO YOU AT THIS POINT IN TIME AND WHY?  
In the past students have proposed the following ‘models’ to explain how the image comes to be on the 
screen and in the orientation in which we find it.  Study each and decide if one of them makes most sense to 
you.  If you find one, circle its title and then, on the next page, explain why it makes sense to you in the space 
provided.  If none of these seems appropriate, carefully draw your own in the space provided on the next 
page.  Do not attempt to test your decision by experimenting with the apparatus at this time. 

A.  “Image inverted in Lens” Model 

B.  “Image inverted by projection from Lens” Model 

C.  “Image inverted through a point behind the Lens” Model 
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If none of the models on the previous page satisfy you, then carefully sketch with a straight edge 
what you think the rays of light do through the lens to result in the image on the screen below.  Give 
your model a name and put it on the diagram. 

 
AT THIS POINT WE ARE ONLY SPECULATING.  UNDER NO CIRCUMSTANCES SHOULD YOU OR YOUR GROUP BEGIN 
TO “TEST” YOUR CHOICES.  TESTS OF THESE MODELS WILL BE CONDUCTED IN DUE TIME. 

 
1. YOUR IDEAS: In the space below, jot down your reasons for your choice.  Use the appropriate diagram 

to support your choice.  You may draw on the diagram to illustrate your ideas. 
 
 
 
 
 
 
 
 
 
 
 

 
2. THE GROUP’S IDEAS: Share your ideas with your group and see if the group can come to a 

consensus.  Write the group’s consensus, if there is one,  below.  Things that 
you have observed so far should be considered as you discuss this question.  
The group’s choice should be supported by observations which you should 
indicate in your notes on the opposite side of this sheet. 
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ACTIVITY 1.2: WHAT DO YOU THINK WOULD HAPPEN TO THE IMAGE ON THE SCREEN WHEN THE TOP HALF OF 
THE LENS IS COVERED? 

 
REMEMBER:  It is critical that you not test to see what actually happens until the “Making Observations” 
step of the activity.  The first two steps, “What do you think?” and “What does the rest of your group think?” 
are not about getting the “right answer”.  These first two vital steps are about getting your own ideas out in 
the open and examining them.  Looking to see what actually happens before you are directed to will seriously 
damage the valuable results which can come from these first two steps, both for you personally and for the 
members of your group.  Please do not try to see what happens until it is time. 
 
1. WHAT DO YOU THINK?:  Jot down your personal prediction and, as clearly as you can, describe your 

reasoning as to why your prediction seems reasonable to you.  Sketch light rays using a straight edge 
on the diagram above to illustrate your ideas.  You will find it useful to consider the following 
question as you consider the main question for this activity. 
 

Do you think it would matter which side of the lens you cover? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Lamp and 
filament

Lens

Screen and 
Image

an opaque card about to be 
moved down along the lens 
so that it covers the top half 
of the lens

100 cm 
about 40 cm 
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2. WHAT DOES THE REST OF YOUR GROUP THINK?:  Share your ideas with your lab group.  Try to come to 
a group consensus about what will happen and why the prediction seems reasonable.  Describe the 
group’s conclusion in the space below.  Add to the diagram on the previous page to explain the 
group’s ideas, if anything new is decided upon. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
3. MAKING OBSERVATIONS:  When the group is pretty sure of their ideas:  Make sure your lens is 100 cm 

from the lamp filament.  Then starting with your screen 40 cm from the lens, move the screen closer 
or further from the lens to get the sharpest possible image.  Record what happens as you try the 
following. 

a. Cover the top half of the lens with a piece of cardboard.  (Note which side of the lens you 
covered.)  Put your observations in words below. 

 

100 cm 
about 40 cm 
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b. Now cover the top half of the other side of the lens.  Does this make any difference in what happens? 
 
 
 
 
 
 
 
c. Does it matter if you covered the bottom half or the left or right halves of the lens?  Try it and record your 

observations. 
 
 
 
 
 
 
 
 
d. How much of the lens can you cover and still see the image?  What do you see on the screen as you cover 

more and more of the lens? 
 
 
 
 
 
 
 
4. MAKING SENSE:  Compare your observations with your prediction, the predictions of your partners, 

and the predictions suggested by the explanatory ray diagram models from Activity 1.6.  How does the 
outcome compare with the predictions?  Is this what you thought you would see?  If not, what specifically is 
different than you thought would happen? 

 
 
 
 
 
 
 
 
 
 
 Discuss any discrepancies with your group.  Can the group come up with any ideas which might explain 

the surprising aspects of what you saw?  If so, write the group’s conclusions in the space below.  If not, 
write down the group’s thoughts about what is unclear so far. 
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CONSIDERING THE MODELS IN ACTIVITY 1.1:  Which of the models are consistent with or can explain what you 
have just seen with the card covering part of the lens?  …or do any of them seem to be appropriate? Discuss with 
your group and write the group’s explanation below.  Can you come up with something better? Use the 
diagram below to explain your ideas.  Use a straight edge to draw the rays. 
 
The goal in this one activity is not to come up with a final answer, once and for all.  What we want to do 
is to come up with something, if we can, that at least accounts for what we have seen so far and that is 
consistent with our previous experiences.  There are more activities for you to carry out in this lab session 
which may lead to further refinements later.  But, it is important for you to try to identify now some 
features which such a model might have and some of the specific “unknowns” or problems that your 
group can identify at this point.  Write these things down on this page. 
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ACTIVITY 1.3: WHAT DO YOU THINK WOULD HAPPEN TO THE IMAGE ON THE SCREEN WHEN THE LENS IS 

COVERED UP, ALL BUT A SMALL HOLE? 
 

 
1. WHAT DO YOU THINK?: Think about the model you chose in Activity 1.6, the results of Activity 1.7 

and what you decided about the models from Activity 1.6  based on the results of Activity 1.7.  In the 
space below, jot down your personal prediction and, as clearly as you can, describe your reasoning as 
to why your prediction seems reasonable to you.  Use the model that you think makes the most sense 
(either one from Activity 1.6 or one that you and your group have devised that is better) to make a 
drawing that helps explain your ideas.  Sketch light rays using a straight edge on the diagram below 
to illustrate your ideas.   
 

Continue with your ideas on the next page. 
 
 
 

Lamp and 
filament

Lens

Screen and 
Image

an opaque card with a small 
hole about to be moved down 
across the lens so that it covers 
the lens, except for the hole

Lamp and 
filament

Screen and 
Image(?)

Lens behind 
card with hole
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You will find it useful to consider the following questions as you consider the main question for this 
activity. 
Might the image get smaller or larger when you cover up the lens, all but a small hole? 

 
 
 
 

Do you think it would matter which side of the lens this card is on? 
 
 
 
 
 Do you think it would make any difference where on the lens the hole is placed? 
 
 
 
 
2. WHAT DOES THE REST OF YOUR GROUP THINK?:  Share your ideas with your lab group.  Try to come to 

a group consensus about what will happen and why the prediction seems reasonable.  Describe the 
group’s conclusion in the space below.  Again, use the diagram to explain your ideas. 

 
Might the image get smaller or larger when you cover up the lens, all but a small hole? 

 
 
 
 
 
 

Do you think it would matter which side of the lens this card is on? 
 
 
 
 
 
 
 Do you think it would make any difference where on the lens the hole is placed? 
 
 
 
 
 
 

Lamp and 
filament

Screen and 
Image(?)

Lens behind 
card with hole
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3. MAKING OBSERVATIONS:  When the group is pretty sure of their ideas, adjust your apparatus to get 
the sharpest image and try these things. 
a. Hold the card with the small hole near the center of the lens in front of the lens.  Record what 

happens.  Illustrate what you think is happening by sketching rays and what you see on the 
screen in the diagram below.  Does the image get smaller? 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
b. Put the card on the other side of the lens with the hole near the center.  Record what happens.  

Does this make any difference in what happens? 
 
 
 
 
 
 
 
 
 
 
c. Does the image size, shape, or location change as you move the hole to different parts of the lens? 
 
 
 
 
 
 
 
 
 
 

Lamp and 
filament

Screen and 
Image(?)

Lens behind 
card with hole

100 cm 
about 40 cm 
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4. MAKING SENSE:  Compare your observations with your predictions.  Is this what you thought you would 
see?  If not, what is different than you thought would happen? 

 
 
 
 
 
 
 
 
 
 
 
 Discuss any discrepancies with your group.  Can the group come up with any ideas which might explain 

the surprising aspects of what you saw?  If so, write the group’s conclusions in the space below.  If not, 
write down the group’s thoughts about what is unclear so far. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
CONSIDERING THE MODELS IN ACTIVITY 1.1:  Which of the models are consistent with or can explain what you 
have just seen with the card covering part of the lens?  …or do any of them seem to be appropriate? Discuss with 
your group and write the group’s explanation below.  Can you come up with something better? Use the 
diagram below to explain your ideas.  Use a straight edge to draw the rays. 
 
The goal in this one activity is not to come up with a final answer, once and for all.  What we want to do 
is to come up with something, if we can, that at least accounts for what we have seen so far and that is 
consistent with our previous experiences.  There are more activities for you to carry out in this lab session 
which may lead to further refinements later.  But, it is important for you to try to identify now some 
features which such a model might have and some of the specific “unknowns” or problems that your 
group can identify at this point.  Write these things down on this page. 
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DRAWING A CONCLUSION: 
ACTIVITY 1.4:  DOES IT SEEM THAT THE LIGHT FROM ONE PART OF THE FILAMENT GOES THROUGH ONLY ONE 

PARTICULAR PART OF THE LENS (SOMETHING LIKE THE DIAGRAM JUST BELOW) OR… 
 

 
DOES LIGHT FROM ALL PARTS OF THE FILAMENT GO THROUGH ALL PARTS OF THE LENS (SOMETHING LIKE THE 
DIAGRAM BELOW)? 

 
Consider these two possibilities which have been suggested by your classmates both this semester and in 
previous semesters.   Also, look back at your conclusions so far from the previous activities and consider 
the results. 
 

Which one do you think makes the most sense in the light of what you have observed so far?   
 

On the next page jot down your ideas on this question.  Include reasons behind your answers to this 
question and cite things you saw in lab and in demonstrations so far to support your choice.  Use the 
appropriate diagram above to support your choice.  Draw on the diagram to illustrate your ideas. 
 

Rays from two representative points on the 
filament traced through the lens to the screen 

Rays from two representative points on the 
filament traced through the lens to the screen 
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If neither of these makes the most sense to you, then carefully make a drawing that makes more sense to 
you.  Just draw rays on the diagram below to illustrate your alternative. 

 
 
1. YOUR IDEAS:  In this space put your reasons for the choice you made on the previous page. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2. THE GROUP’S IDEAS:  Share your ideas with your group and see if the group can come to a 

consensus.  Write the group’s consensus below.  Things that you have 
observed in lab should be considered as you discuss this question.  The 
group’s choice should be supported by observations from lab which you 
should indicate in your notes below. 
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CONSIDERING THE MODELS IN ACTIVITY 1.1:  Which of the models are consistent with or can explain what you 
have just seen with the card covering part of the lens?  …or do any of them seem to be appropriate? Discuss with 
your group and write the group’s explanation below.  Can you come up with something better? Use the 
diagram below to explain your ideas.  Use a straight edge to draw the rays. 
 
The goal in this one activity is still not to come up with a final answer, once and for all.  What we want to 
do is to come up with something, if we can, that at least accounts for what we have seen so far and that is 
consistent with our previous experiences.  There are more activities for you to carry out in this lab session 
which may lead to further refinements later.  But, it is important for you to try to identify now some 
features which such a model might have and some of the specific “unknowns” or problems that your 
group can identify at this point.  Write these things down on this page. 
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Images Activity 2.0 
NOW How Might We Represent Light Rays  

Coming from the Bulb in a Diagram? 
 

(Examining the “Mr. Sunshine” Model of Light Rays) 

 
 
 

At the beginning of this unit on light we drew rays of light from the bulb.  Many drew something like the 
diagram above.  We have looked at the behavior of light in images from lenses and seen what light rays 
must explain if they are to be used explain phenomena involving light.  Given what you have seen so far, 
consider whether the diagram above is sufficient to represent light rays from the bulb.  In other words is 
the diagram above okay or should it be changed somehow to better represent how light rays must behave to explain 
what we have seen so far in lab and demonstrations?  After explaining your ideas in words, draw on the 
diagram to illustrate what you mean.  Cite observations you made in lab to support your conclusions.  
Explain how they support your conclusions.  Use space on the back, if you need to. 
 
 
 
 
 
 
 
 
 
 
 
 
When you have gotten your ideas on paper, share them with the people around you and see if you can 
come to some consensus.  If you decide to change your ideas, record the new ones, why they seem 
reasonable to you, what made you change your ideas and why. 
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Communication 
Where is the meaning?  Is it in the words of the sentences?  Where does it come from? 

 
Sentence: What it means: 

How about a nice Hawaiian Punch? 
 

She said she wouldn't run until the drug 
question was settled. 

 

The top group advanced to the front. 
 

He walked to the bank and stepped in.  He 
immediately began to shiver. 

 

They were starting to take the sheets in when 
it began to rain. 

 

The teacher needed the right footing to get 
started. 

 

As the wind picked up the bark started flying, 
which made April uncomfortable. 

 

Said in 1942: The Italian navigator has landed 
in the new world. 

 

The police were called to an apartment on the 
second floor.  Entering, they found broken 
glass, water all over, a cat on the couch, and 
Agnes and Bert on the floor.  

Who were Agnes and Bert? 

Andy is riding his bike through the park with 
a group of others and someone up ahead yells 
'Duck!'  

What should Andy do? 

 
"Waiter, this coffee tastes like mud!"                      "That's odd, it was ground just this morning." 
What do you think?  Do sentences carry meaning? 
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What are these people talking about?? 
Fill in a meaning that makes sense. 

 

Speaker Said Meaning? 

 
John 

 
Dana succeeded in putting a quarter in 
a parking meter today without being 
picked up. 
 
 

 

 
Anne 

 
Did you take him to the music store? 
 
 

 

 
John 

 
No, to the shoe store 
 
 
 

 

 
Anne 

 
What for? 
 
 
 

 

 
John 

 
I got some new laces for my shoes. 
 
 
 

 

Anne  
Your loafers need to be replaced. 
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Some of the details they might have been thinking: 

Who Spoken Portions of intended meanings 

John Dana succeeded in 
putting a quarter in 
a parking meter 
today without being 
picked up. 

This afternoon as I was bringing Dana, our four year old son, 
home from the nursery school, he succeeded in reaching high 
enough to put a quarter in a parking meter when we parked in 
a meter parking zone, whereas before he has always had to be 
picked up to reach that high. 
 

Anne Did you take him to 
the music store? 

Since he put a quarter in a meter that means you stopped 
while he was with you.  I know that you stopped at the music 
store either on the way to get him or on the way back. Was it 
on the way back, so that he was with you, or did you stop 
there on the way to get him and somewhere else on the way 
back?  If somewhere else, where? 
 

John No, to the shoe store No, I stopped at the music store on the way to get him and 
stopped at the shoe store on the way home when he was with 
me. 
 
 

Anne What for? I know of one reason why you might have stopped at the shoe 
store.  Why did you in fact? 
 

John I got some new 
laces for my shoes. 

As you will remember I broke a shoe lace on my brown 
oxfords the other day so I stopped to get some new laces. 
 

Anne Your loafers need to 
be replaced. 

I was thinking of something else you could have gotten.  You 
could have bought shoes to replace your black loafers which 
are getting worn out.  You'd better get that taken care of 
pretty soon. 
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Questions for discussion:  Implications on the job of a teacher: 
 
Can a teacher transmit meanings (such as her own knowledge) to students? 
 
 
 
 
 
 
 
Can a teacher be sure that her students have the meanings that she intended? 
 
 
 
 
 
 
 
 
 
What is the main task of learners? 
 
 
 
 
 
 
 
 
Considering the task of the learners, what kinds of strategies might make a difference in a 
teacher's effectiveness? 
 
 
 
 
 
 
Does this statement make sense? 

Heinz von Foerster had a knack for statements that sounded paradoxical. In fact, they made a lot of sense 
when they were unpacked. At the very beginning of our joint recollections in a book we published 
together a few years ago, he said for example: “It’s the listener, not the speaker, who determines the 
meaning of an utterance.” 



 1 

(Written by Ernst von Glasersfeld. To be read by Josef Mitterer at the 
Memorial Meeting for Heinz von Foerster, Vienna, November 2003) 

 
The Constructivist View of Communication 

 
Heinz von Foerster had a knack for statements that sounded paradoxical. In 

fact, they made a lot of sense when they were unpacked. At the very beginning 
of our joint recollections in “Wie wir uns erfinden”, a book we published 
together a few years ago, he said for example: “It’s the listener, not the 
speaker, who determines the meaning of an utterance.” 

Taken literally, this seems to demolish any possibility of linguistic 
communication. The usual assumption is that the speaker has something to say, 
formulates it in words, and utters them as a piece of language; and then it’s 
the listener’s task to UNDERSTAND what the speaker intended. To say that it 
is the listener, who determines the meaning of the utterance, seems to 
eliminate the speaker.  

Heinz had no intention of doing this. What he meant was: given the words a 
speaker has used, the listener can interpret the utterance only in terms of 
the meaning he, the listener, ascribes to these words. 

This, of course, raises the question of how any listener – or speaker – 
has come to ascribe meanings to the sounds we call “words”. 

To answer this question is not nearly as easy as you might think. Meaning 
has been a topic of erudite writers ever since the Greek philosophers; but 
they usually presented it as something that “exists” ready-made apart from 
the users, rather than something that has to be slowly built up by each new 
member of a linguistic community. The condition, that meaning must be MADE 
before it can be used, was not explicitly shown until Claude Shannon 
published his Theory of Communication in 1949.   

Shannon’s “Mathematical Theory” is a technical document covering 
engineering problems such as the design and capacity of communication 
channels, the interference of noise, and the use of redundancy in 
interpretation. Right at the beginning, however, Shannon makes a fundamental 
point that has enormous consequences for the understanding of how LINGUISTIC 
communication functions. His fundamental insight was that MEANING does not 
travel. In order to transmit something from one place to another, it must 
have the form of a “signal”. A signal is something that can travel through 
space. It may be a change of energy in an electric wire or electromagnetic 
waves, modulation of sounds, marks on a piece of paper, anything, in fact, 
that can be sent from one place to another. To such signals messages can be 
related by means of a code. This is a sheet with two columns, one of which 
lists signals or combinations of signals, the other what the signals are to 
stand for. In the case of telegraphy, a code was designed in 1837 by a Mr. 
Morse. 

If you wanted to be a telegraphist, you had to learn the Morse code. This 
was not particularly difficult because it had been internationally agreed on 
and was readily available all over the world. Side by side there were two 
columns in the Morse code. On the left were the letters of the alphabet, on 
the right dots or dashes or combinations of the two. Once you had acquired 
the code, you could translate the words of a message into sequences of dots 
and dashes and send them to anyone who was in possession of the code.  

You may know, for instance, that in the Morse code a single impulse or dot 
stands for the letter “E”. But it is not the dot that tells you this – you 
know it only because you know that much of the code. 

Norbert Wiener used a very simple example to illustrate communication and 
the role of the widely abused term “information”. Flower shops, he said, can 
send flowers anywhere in the world, without sending the flowers. They send 
them by cable. This was long before e-mail, and telegraphy was the way to do 



Ernst von Glasersfeld  November, 2003 
The Constructivist View of Communication 

Idaho Title I Workshop 2 04/16-17/09 
  D. Dykstra & A. Johnson 

it. Flower shops had an international code that listed a variety of flowers 
and good wishes in the left column and a number, say between 1 and 100, in 
the right column. If you wanted to send a dozen red roses to a friend in the 
United States, the shop here in Vienna would merely cable the address and the 
code number corresponding to your choice of flowers. The INFORMATION 
transmitted, therefore, was simply an instruction to select a specific word 
or phrase from the right-hand side of the flower code. 

The Morse code, of course, made it possible to send words. But what the 
words contained in a message are intended to MEAN, is not indicated by this 
code or any other system of communication. The receiver, as Heinz said, has 
to determine the meaning for him- or herself.  

It is usually taken for granted that we can unravel the meaning of words, 
if we are speakers of the language that is being used. But the question of 
how we acquire the skill of doing this has not yet been satisfactorily 
answered. Chomsky’s contention that the human animal has an innate language 
organ does not apply to the generation of meaning but only to syntax – and 
there it merely shifts the problem into the area of evolutionary hypotheses 
that have little if any hope of ever being confirmed. 

If we look a little more closely at HOW a listener may determine what 
meaning to attribute to something that was said, we can list at least four 
things that seem indispensable: 

 
1) Sounds must be recognized as sound-images of words that evoke 

associations. 
2) These associations are, in fact, re-presentations of elements of past 

experience. 
3) These remembered elements of experience constitute the material for 

POSSIBLE meanings of the utterance. 
4) Which of these possibilities the listener accepts, depends on the 

context in the widest sense including the listener’s familiarity with 
the speaker. 

 
This inevitably raises the question: How the sound-images of words were 

linked to elements of experience in the first place. Children are not handed 
a ready-made code that lists the word-meanings and the syntactic rules of 
their language. 

In what follows I shall briefly describe a new pragmatic approach to 
language acquisition, developed by Michael Tomasello at the Max Planck 
Institute for Evolutionary Anthropology at Leipzig. This approach is not 
based on any particular linguistic theory but focuses on the question of how 
children learn to use language in practice.  

Norbert Wiener tentatively suggested the fundamental feature of the 
pragmatic approach long ago when he discussed communication in different 
species of animals and with strange people. 

 
“Suppose I find myself in the woods with an intelligent savage who 
cannot speak my language and whose language I cannot speak. Even 
without any sign language common to the two of us, I can learn a great 
deal from him. All I need to do is to be alert to those moments when he 
shows the signs of emotion or interest. I then cast my eyes around, 
perhaps paying special attention to the direction of his glance, and 
fix in my memory what I see or hear. It will not be long before I 
discover the things which seem important to him, not because he has 
communicated them to me by language, but because I myself have observed 
them.” (1948, p.157) 
  
In his book “Constructing a Language”, Tomasello explains that it is “the 

ability to share attention” that furnishes the basis for the inception of 
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meaning. It is the sort of claim that seems obvious the moment it has been 
stated. But because the whole problem of attention had for a long time been 
ignored by psychologists, its role in language acquisition was not 
acknowledged.  

From the constructivist point of view, it is important to stress that it 
does not matter if the thing I perceive when I follow the direction in which 
the other is looking is not quite the same as the thing he or she perceives. 
What DOES matter, in order to link a word to a percept, is that, whenever he 
or she utters a specific word, I see something that I can consider the 
repetition of what I saw on similar previous occasions. The crucial feature 
is the coordination of attention. 

Tomasello stresses a second factor that is even more important: “… the 
ability to understand that other persons have intentional and mental states 
like one’s own” (2003, p.40). He speaks of “intention reading” and this 
implies, among other things, the desire to anticipate what the other is going 
to do. 

I do not think that “intention reading” is an unwarranted assumption. Many 
animals behave in ways that suggest it. A scene that I described many years 
ago in another context may serve as example. 

One thing visitors to the famous Yellowstone Park usually want to see is 
an elk. The elk is a large rather bulky kind of stag with huge, very solid 
antlers. At mid-day, when most of the tourists are at Yellowstone, the elk is 
usually resting almost invisible in the middle of a field of high grass. A 
front of people gingerly approaches, their cameras ready to click. When they 
come to about thirty meters from the elk, he raises his head as though he 
were getting up to charge. But he does not have to stand up, let alone 
charge. He has learned that raising his head and antlers is sufficient to 
stop the intruders. It works every time they attempt to get closer. If they 
want a picture of more than just the elk’s antlers sticking out above the 
high grass, they have to buy a postcard at the tourist center. 

Why does the elk raise his head? He anticipates that, if he does nothing 
about it, the people will come closer than he likes. Raising his head is a 
reliable way to stop them. I am not suggesting that the elk has a concept of 
intention, but he acts on what experiential sequences have taught him in the 
past. 

Intelligent animals are able to anticipate all sorts of things. Cats 
patiently keep their eyes on the hole where the mouse disappeared, clearly 
anticipating that it is the place where the mouse will come out again.   

The poodle we once had got bored when I spent too much time at my desk. He 
would fetch his leash and shake it at the side of my chair. Knowing that I 
always put him on the leash when we went out, he anticipated that I would 
understand his suggestion. If I did not react, he would drop the leash on the 
floor and walk off in a way that left no doubt about what he thought of me. 

In fact, all learning entails a form of anticipation. As Humberto Maturana 
expressed it:  

 
“A living system, due to its circular organization, is an inductive 
system and functions always in a predictive manner: what happened once 
will occur again. Its organization (genetic and otherwise) is 
conservative and repeats only that which works.” (1970) 
 
Even Skinner’s behaviorist notion of reinforcement implicitly requires the 

organism to anticipate that what had a pleasant result in the past will have 
a pleasant result in future, and that what had unpleasant consequences will 
have them the next time. The fact that this anticipation probably is not 
conscious in rats and pigeons – or even in my late poodle – does not stop me 
from using the anticipatory pattern as a description of their behavior; 
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because at higher levels of cognitive development it certainly IS conscious 
and leads to deliberate action.  

In his book on the attainment of consciousness (La prise de conscience, 
1974), Piaget showed two things on the basis of a series of empirical studies 
carried out by members of his team. First, consciousness appears gradually in 
children and, second, its attainment in one context does not necessarily 
entail its presence in others. 

Tomasello has made a solid case for the idea that “intention-reading” 
plays an important role in children’s acquisition of word-meaning, that is, 
of semantics. I now want to suggest that anticipation is a key factor in the 
development of syntax.  

In the first months of their life, infants begin to exploit if-then 
relations. If a switch is placed under their pillow so that a bell rings 
every time they turn their head to the left, they will repeat the turn to the 
left until they get bored with the sound of the bell. In other words, infants 
behave as though they knew about causal connections. At that age, however,  
they are only beginning to separate themselves as an entity from the 
experiential field and it would be absurd to claim that they have already 
abstracted what philosophers call “knowledge that”; but their behavior 
indicates that they are able to act on what they might later call “knowledge 
how”. By the time they have lived for four or five years, they are wondering 
whether it is the wind that moves the branches of trees or the moving 
branches that cause the wind. Sometime in between they have created the 
notion that there are agents whose actions can be expected to have certain 
consequences. 

Some of my colleagues will say: Of course they have that kind of notion! 
But they have it only because, since their infancy, they have been immersed 
in language. In my view this is putting the cart before the horse. If there 
were no prior experiential foundation, the meaning of the agent-activity 
connection and the activity-result connection could not possibly be grasped.  

The behavior of cats shows that they associate being fed with an adult of 
the family and not with a three-year-old. And the behavior of my dear old 
poodle made it quite clear that he had associated going for a walk with me, 
and not our daughter, who was his favorite playmate. For all we know, neither 
cats nor poodles have what we would call language. Nevertheless, their 
behavior indicates that their experiential world comprises relatively stable 
elements that are analogous to what we, humans, abstract as concepts and 
speak of as “agent”, “activity”, and “result”.  

Linguists have only fairly recently used more descriptive terms such as 
“agent” and “patient”. The entities these terms designate were included in 
the large grammatical categories of subject and object. In linguistics, these 
terms refer to parts of a sentence and in no way to parts of anyone’s 
experience. Subject, verb, and object are syntactic terms and refer to the 
structure of sentences, not to the links we have created among the things we 
perceive and live with. It was a long-standing tradition in linguistics to 
separate syntax from semantics, as though the two domains had nothing to do 
with each other. In my view, it was this rigid separation that made it very 
difficult for linguists to develop a viable theory of language acquisition. 

As Tomasello and a few before him noticed, Children do not produce their 
utterances with the help of grammatical rules. Even adults rarely rely on 
abstract syntactic rules to guide their speech. They know how they have 
segmented their experience and the praxis of living has shown them useful 
ways of linking the segments.  

In many cases it is simply the way the connection between experiential 
elements has actually been made that determines the kind of link between 
them. Let us assume that your attention is caught by the color red. As such 
the redness is not confined, has not yet a specific shape in your visual 
field, and is not a discrete thing. But as you focus on it, you are able to 
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fit the color into the pattern you have learned to call  “house”. If you were 
asked to describe what you see, you would most likely say: “there is a red 
house”. You choose the adjectival connection because the color and the thing 
were produced in a continuous application of attention. If, on the other 
hand, you recognize in your visual field a pattern that fits your concept of 
“house” and only then, scanning it more closely, you focus attention on its 
color, you would most likely say: “the house is red”. This syntactic 
structure clearly expresses that the concept of “house” was brought forth 
independently of the color that was subsequently attributed to it. 

Note that the experiential sequence does not DETERMINE a particular 
syntactic order or marker, but differences in the experiential sequence are 
likely to be expressed syntactically in SOME way. 

Piaget suggested that the child’s organization of space is topological 
before it acquires the three-dimensional Euclidean structure. I think the 
development of the conceptual links by means of which we weave the fabric of 
our experiential world is analogous. Like surfaces in topology, the first 
links the child establishes between elements of experience are somewhat 
shapeless and stretchable. Only later, through the practice of communication 
in interaction with others, do they become more definite and turn into 
specific syntactic relations. 

I see a parallel to this in the way most languages use prepositions. 
Traditional linguistics did not ascribe a syntactic function to words such as 
“in”, “on”, “at”, and “by”, but treated them as rather insignificant 
particles. It was my friend and early mentor Silvio Ceccato, who first 
recognized that prepositions indicate conceptual links between parts of 
speech just as syntactic markers do. And just as for instance the verb-object 
relation comprises a number of conceptually different links, so prepositions 
are as a rule ambiguous in that they indicate not one, but a group of 
POSSIBLE conceptual relationships.  

Take as an example some of the different uses of the English preposition 
“by”:  

 
“A tree by the house”, 
“A book by Hemingway”, 
“We came by bicycle”, 
“We came by the high road”, 
“We’ll be ready by Sunday”.  
 
The conceptual links indicated between the two experiential items in these 

expressions are all different. This multiplicity causes a problem for 
translators, because the links covered by ONE preposition are rarely quite 
the same in two languages. Try to translate my five examples into German. 
Each of them requires a different word in that language: “bei”, “von”, “mit”, 
“auf” or “über”, and “am” respectively. We can roughly characterize the 
differences by saying “by the house” indicates a spatial location, “by 
Hemingway” authorship, “by bicycle” a method of locomotion, “by the high 
road” an itinerary, and “by Sunday” a point in time.  

Detailed conceptual analysis may show, as Ceccato believed, that in each 
group there is an underlying generic relationship. It would take an enormous 
amount of time and effort to confirm this conjecture and there is no general 
benefit because it would have to be done for each individual language.  

In any case, what translation shows is that there is no one-to-one 
correspondence of conceptual links and linguistic markers. In my view this 
confirms my assumption: We all develop a repertoire of conceptual items and 
connections, and learn to fit them to the syntactic structures that have 
become customary among the users of a given language. The fit is only 
APPROXIMATIVE.  
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If the meanings we have in mind when we speak, and those that are 
suggested to the listener by our utterance, are essentially subjective, 
communication is possible only because the experiences from which these 
meanings have been abstracted are as a rule fairly similar among the speakers 
of one language. The individual differences of meaning are such that they 
rarely cause serious disturbances in the everyday use of our language. But, 
of course, there are exceptions. An experience I had when we came to live in 
the United Sates in 1966 is a good example. A young man was helping us to 
move furniture on the first day in our new house. When he was leaving, I 
heard him say to my wife: “See you later.” I was taken aback and looked at 
her rather questioningly. We were familiar with the English of Dublin and 
southern England; and there, the temporal relation indicated in this 
particular idiom by “later”, was strictly limited to the ONE day and night. 
It took us some time to learn that for speakers of American English it seems 
to include an indefinite future. 

I have followed one turn of the spiral of meaning and am coming back to 
Heinz’s paradoxical statement that it is the listener who decides what an 
utterance means. I first suggested that Shannon’s Theory of Communication 
confirms the statement, because it shows that it is not meaning that travels 
with a signal, but rather an instruction to choose a meaning from a pre-
established repertoire. I then argued that the way we acquire language shows 
that the repertoire of meanings which we attribute to words must be developed 
by each individual speaker on the basis of his or her own subjective 
experience. I stuck out my neck and asserted that, although it may not often 
appear on the surface, it is in my view not only semantics but also syntax 
that children must construct for themselves. No doubt the specific forms of 
syntax were developed throughout the history of each particular language.   
But children must create some conceptual links in the course of experience 
before these links can be attributed to specific syntactic markers of the 
language they are learning. Once this has happened, the construction of 
further syntactic elements will be suggested by the situational context of 
linguistic interactions. On the strength of this exposition I claim that 
linguistic communication is possible only thanks to the relative sameness of 
experience and intentions among the speakers of a given language.  

These considerations lead to a conclusion that should be sobering for 
public speakers. Heinz claimed, and I agree, that it is the listener who 
determines the meaning an utterance has for him or her. I added that the 
elements that constitute that meanings are abstracted from the listener’s own 
experience, not from the experience of the speaker. The speaker’s experience 
is never directly accessible to anyone else. Therefore your understanding of 
what I have written in the text that Professor Mitterer kindly agreed to read 
to you, is YOUR interpretation of it in terms of YOUR experience -- and your 
experiences are unlikely to have been identical with mine. 

Consequently, it would be a rather naive illusion for me to believe that 
you have understood what I have said in this talk exactly as I intended it.  

I will be happy if I have given you some things to think about. 
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An instrument to assess the basic knowledge state of students taking a first course in physics has been 
designed and validated. Measurements with the instrument show that the student’s initial qualitative, 

common sense beliefs about motion and causes has a large effect on performance in physics, but 
conventional instruction induces only a small change in those beliefs. 

  
I. INTRODUCTION   
Each student entering a first course in physics possesses a system of beliefs and intuitions about physical 
phenomena derived from extensive personal experience. This system functions as a common sense theory 
of the physical world which the student uses to interpret his experience, including what he uses and hears 
in the physics course. Surely it must be the major determinant of what the student learns in the course. 
Yet conventional physics instruction fails almost completely to take this into account. We suggest that 
this instructional failure is largely responsible for the legendary incomprehensibility of introductory 
physics.  
 
 The influence of common sense beliefs on physics instruction cannot be determined without careful 
research. Such research has barely gotten started in recent years, but significant implications for 
instruction are already apparent. Research on common sense beliefs about motion 1-5 has lead to the 
following general conclusions.  
 
 (1) Common sense beliefs about motion are generally incompatible with Newtonian theory. 
Consequently, there is a tendency for students to systematically misinterpret material in introductory 
physics courses.  (2) Common sense beliefs are very stable, and conventional physics instruction does 
little to change them.  
 
 Previous research into common sense beliefs has focused on isolated concepts. Here we aim for a broader 
perspective. This article discusses the design and validation of an instrument for assessing the knowledge 
state of beginning physics students, including mathematical knowledge as well as beliefs about physical 
phenomena. Measurements with the instrument give firm quantitative support for the general conclusions 
above. The instrument can be used for instructional purposes as well as further research. In particular, we 
recommend the instrument for use:  
 
 (1) As a diagnostic test for identifying and classifying specific [conceptions]. This will be discussed in a 
subsequent paper. 
 (2) To evaluate instruction. The instrument reliably evaluates the general effectiveness of instruction in 
modifying a student’s initial common sense  [conceptions].   
 
II. ASSESSMENT OF A STUDENT’S BASIC KNOWLEDGE  
To evaluate physics instruction objectively, we need an instrument to assess a student’s knowledge before 
and after instruction. In the following sections we discuss the design and validation of such an instrument. 
The instrument consists of two tests: (a) a physics diagnostic test to assess the student’s qualitative 
conceptions of common physical phenomena and (b) a mathematics diagnostic test to assess the student’s 
mathematical skills. Both tests are intended for use as pretests to assess the student’s initial knowledge 
state. The mechanics test is also intended for use as a post-test to measure the effect of instruction 
independent of course examinations.  
 
A. Design of the physics diagnostic test   
. . It would be far from sufficient simply to test a student’s initial knowledge of Newtonian mechanics. 
Rather, we need to ascertain the student’s common sense knowledge of mechanics, for it is the 
discrepancy between his common sense concepts and the Newtonian concepts which best describes what 
the student needs to learn. As Mark Twain once observed, "It’s not what you don’t know that hurts you. 
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It’s what you know that ain’t so!"  
 
 Newtonian theory enables us to identify the basic elements in conceptualizations of motion. On one 
hand, we have the basic kinematical concepts of position, distance, motion, time, velocity, and 
acceleration. On the other hand, we have the basic dynamical concepts of inertia, force, resistance, 
vacuum, and gravity. We take a student’s understanding of these basic concepts as the defining 
characteristics of his basic knowledge of mechanics. Our list of dynamical concepts may look a bit 
strange, to a physicist, but the particular items on the list were chosen to bring to light major differences 
between common sense and Newtonian concepts. We refer to a knowledge state derived from personal 
experience with little formal instruction in physics as a "common sense knowledge state." As a rule, it 
differs markedly from the "Newtonian knowledge state" of a trained physicist.  
 To assess the student’s basic knowledge of mechanics, we devised the physics (mechanics) diagnostic 
test. (Note: This test is the precursor to the assessment used in the summer course). The test questions 
were initially selected to assess the student’s qualitative conceptions of motion and its causes, and to 
identify common [conceptions] which had been noted by previous investigators. Various versions of the 
test were administered over a period of three years to more than 1000 students in college level, 
introductory physics courses. Early versions required written answers. Answers reflecting the most 
common [conceptions] were selected as alternative answers in the final multiple-choice version. In this 
way we obtained an easily graded test which can identify a spectrum of common sense [conceptions].  
 A student’s score on the diagnostic test is a measure of his qualitative understanding of mechanics. 
Statistically it is quite a good measure because of its reliability and predictive validity. We believe also 
that it is a theoretically sound measure, because the diagnostic test is concerned exclusively with a 
systematic assessment of basic concepts. One could not expect satisfactory results from the typical 
"physics achievement test" which tests for knowledge of isolated physical facts.  
 
 
 
Table I Physics diagnostic test results by course and professor. 
 

Course  Pre test % Post test % Gain % Number 
Calc-based intro A 51 65 13 97 
Calc-based intro B 51 64 13 192 
Calc-based intro C 50 64 13 70 
Calc-based intro D 53 64 11 119 
Alg-based intro E 37 53 15 82 

High school G 30 52 22 24 (honors) 
High school G 30 44 14 25 (general) 

 
 
III. RESULTS AND IMPLICATIONS FOR TEACHING   
The math and physics diagnostic tests have been used to assess the basic knowledge of nearly 1500 
students taking University or College Physics at Arizona State University, and of 80 students beginning 
physics at a nearby high- school.  
 
 Table I presents diagnostic test results for classes in University Physics taught by four different 
professors, and for classes in College Physics taught by two different professors. Considering the nature 
of the diagnostic test in the Appendix, the average scores on the tests appear to be very low. Interpretation 
of these results will be our main concern, but for comparison we first take note of the test results for high 
school students.  
  
 We were surprised by the extremely low mechanics pretest scores of the high school students shown in 
Table I. Their average is only a little above the chance level score of 7.3 on the multiple-choice test. All 
scores were less than 20, except for one student with the score of 28, who incidentally dropped out of 
school before completing the physics course. The honors students were selected for high academic 
performance or achievement test scores, but their physics intuitions are evidently no better than anyone 
else’s. Note that the post-test score of the high school honor students is within the range of pretest scores 
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for the college students in University Physics. However, the post-test score of high school students in 
General Physics is about two points higher than the pretest scores for students in College Physics. This 
difference seems to be explained by the fact that about 55% of the students in College Physics had not 
taken physics before, although those who had averaged only two points better on the physics pretest. At 
any rate, diagnostic test scores of high school physics students should be investigated further to make sure 
that the low pretest scores are typical. If they are, then they provide clear documented evidence that 
physics instruction in high school should have a different emphasis than it has in college. The initial 
knowledge state is even more critical to the success of high school instruction. The low scores indicate 
that students are prone to misinterpreting almost everything they see and hear in the physics class.   
 
B. Evaluation of physics instruction   
The mechanics diagnostic test can be used as an instrument to evaluate the effectiveness of instruction in 
improving students’ basic knowledge. Of course, instruction may have many worthwhile objectives not 
measured by the diagnostic test. But improvement of basic knowledge as we defined it above should be 
the primary objective, since such knowledge is the foundation for the whole conceptual edifice of physics.   
 
The gain in basic knowledge as measured by the mechanics diagnostic test is given in Table I for several 
different University and College Physics courses. The small values (14%) for the gain indicate that 
conventional instruction has little effect on the student’s basic knowledge state. For the courses in Table I, 
values of the correlation coefficient for pretest-post-test scores range between 0.60 and 0.76. These high 
values are statistical indicators of little change in basic knowledge.   
 
All of the courses in Table I were conducted in a lecture-recitation format with 3 or 4 h of lecture and 1 h 
of recitation each week.  The content of the courses in Table I is fairly standard. We refer to instruction 
on this standard content using the lecture-recitation format described above as conventional physics 
instruction because it is so common in American universities.  
 
Within the format of conventional instruction, wide variations in instructional style are possible. The 
styles of the four lecturers in University Physics listed in Table I differ considerably. Professor A is a 
theoretical physicist; his lectures emphasize the conceptual structure of physics, with careful definitions 
and orderly logical arguments. The other professors are experimental physicists, but with quite different 
specialties. Professor B incorporates many demonstrations in his lectures, and he expends great time and 
energy preparing them; he strives especially to help students develop physical intuition. Professor C 
emphasizes problem solving, and he teaches by example, solving one problem after another in his 
lectures. Professor D is an experimental physicist teaching introductory physics for the first time; he 
followed the book closely in his lectures. All four professors are known as good teachers according to 
informal peer opinion and formal evaluations by students. Indeed, Professor B has twice received awards 
for outstanding teaching.   
 
Now, Table I shows that the basic knowledge gain is the same for all four of the classes in University 
Physics. All four classes used the same textbook, and covered the same chapters in it. Considering the 
wide differences in the teaching styles of the four professors, we conclude that the basic knowledge gain 
under conventional instruction is essentially independent of the professor. This is consistent with the 
common observation among physics instructors that the most strenuous efforts to improve instruction 
hardly seem to have any effect on general student performance.   
 
The small gain in basic knowledge under conventional instruction is all the more disturbing when one 
considers the uniformly low levels of the initial knowledge states shown in Table I. This means that 
throughout the course the students are operating with a seriously defective conceptual vocabulary, which 
implies that they continually misunderstand the material presented. The student’s ability to process 
information in the course depends mainly on his initial knowledge state and hardly improves throughout 
the course. This indicates a failure of conventional instruction. The post-test scores in Table I are 
unacceptably low considering the elementary nature of the test. Even for the A students (about 10% of the 
students who complete the course) the average post- test score is only about 75%. Whereas, we think that 
one should not be satisfied with any instruction which fails to bring all students who pass the course 
above the 75% level. Conventional instruction is far from meeting this standard.   
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IV. CONCLUSIONS   
Our diagnostic test results show that a student’s initial knowledge has a large effect on his performance in 
physics, but conventional instruction produces comparatively small improvements in his basic 
knowledge. The implications of failure on the part of conventional instruction could hardly be more 
serious, for we are not talking about a few isolated facts that students failed to pick up. One’s basic 
physical knowledge provides the conceptual vocabulary one uses to understand physical phenomena. A 
low score on the physics diagnostic test does not mean simply that basic concepts of Newtonian 
mechanics are missing; it means that alternative [conceptions] about mechanics are firmly in place. If 
such [conceptions] are not corrected early in the course, the student will not only fail to understand much 
of the material, but worse, he is likely to dress up his [conceptions] in scientific jargon, giving the false 
impression that he has learned something about science.   
 
The individual instructor can hardly be blamed for the failure of conventional instruction. The instructor 
cannot take common sense [conceptions] into account without knowing what they are and how they can 
be changed. To be sure, every experienced instructor has acquired a store of incidental insights into 
student [conceptions]. But this by itself leads to incidental improvements of instruction at best, and the 
hard won insights of one instructor are passed on to others only haphazardly. The full value of such in- 
sights can be realized only when they are incorporated into a program of systematic pedagogical research 
aimed at the development of a practical instructional theory.   
 
We submit that the primary objective of introductory physics instruction should be to facilitate a 
transformation in the student’s mode of thinking from his initial common sense knowledge state to the 
final Newtonian knowledge state of a physicist. One should hardly expect instruction which fails to take 
initial common sense knowledge into account to be effective.   
  
a) Now at The Lebanese University II.   
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physics course," J. Res. Sci. Teach. 19, 299 (1982).   
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An Exercise in Language and Science Learning 

 
Directions: Read the following passage and then without consulting your neighbors 

answer the questions which follow in complete sentences.  Then move on 
to the next page. 

 
The Montillation of Traxoline 
 
It is very important that you learn about traxoline.  Traxoline is a new form of zionter.  
It is montilled in Ceristanna.  The Ceristannians gristerlate large amounts of fevon and 
then bracter it to quasel traxoline.  Traxoline may well be one of our most lukized 
snezlaus in the future because of our zionter lescelidge. 
 
 
1. What is traxoline? 
 
 
 
2. Where is traxoline montilled? 
 
 
 
3. How is traxoline quaselled? 
 
 
 
4. Why is it important to know about traxoline? 
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Period of a plane pendulum with finite amplitude 
 
Directions: Read the following passage and then without consulting your neighbors 

answer the questions which follow in complete sentences.  Then move on 
to the next page. 

 
In the limit of small oscillations a plane pendulum behaves like a harmonic oscillator 
and is isochronous, i.e., the frequency is independent of the amplitude.  As the 
amplitude increases, however, the correct potential energy deviates from the harmonic 
oscillator form and the frequency shows a small dependence on the amplitude.  The 
small difference between the potential energy and the harmonic oscillator limit can be 
considered as the perturbation Hamiltonian, and the shift in frequency derived from the 
time variation of the perturbed phase angle.  
 
Directions: Answer the following questions in complete sentences.   
 
1. Under what conditions does a plane pendulum behave like a harmonic oscillator? 
 
 
 
2. What happens to the potential energy when the amplitude increases? 
 
 
 
3. What happens to the frequency when the amplitude increases? 
 
 
 
4. What is the perturbation Hamiltonian? 
 
 
 
5. From what is the frequency shift derived? 
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Directions: When you and your neighbors have generated answers then compare 

notes with each other. 
 
Can both of the previous sets of questions be answered?  Please explain. 
 
 
 
 
 
Do you think you would get full credit for your answers to these questions?  Please 
explain. 
 
 
 
 
 
 
Would you be able to grade other people’s answers without being given the “correct” 
answers?  Please explain. 
 
 
 
 
 
 
Do you have to understand what either passage says or what the questions are asking 
in order to answer the questions?  Please explain. 
 
 
 
 
 
 
 
 
 
Do you have to understand the answers to the questions in order to generate the 
answers?  Please explain. 
 
 
 
 
How early do you think school students figure out the strategy for answering questions 
this way?  (How much of school is just this?) 



Sharing in the Costs of Growth 
William G. Perry, Jr. 

 
(excerpt from Perry’s article that captures an important insight into the nature of constructing 
new understanding and the consequences of this insight…the costs of growth.) 
 

Over the past several months, some of the staff in our little office have been asking students 
about how they learn. We just ask, “Tell us about how you experience learning.” The usual 
response is, “You mean really learning?” There seems to be a distinction between “just” learning 
and “really” learning, which is what the students want to talk about. “Really” learning invariably 
refers to experiences in which one sees the world and oneself in a new and broader light - in 
short, to those very discoveries that mark the major steps into maturity I have been talking about. 

I want to share with you the response of a young woman, a freshman. She said that so far she 
had been just learning more things at Harvard—“kind of flat”—and that the last time she had 
really learned was back in high school. She had a social science teacher whom she admired and 
he introduced to the class one of the Ames experiments with the revolving window. (You know 
it: There is this odd-shaped window that revolves on an axis and you see it revolve and you know 
it revolves; but then the lighting is changed and the window does not revolve; it oscillates from 
side to side, and you know it oscillates; and then the lighting is changed back and there the 
window is, revolving.) She said her teacher looked around and said to no one in particular, “So 
what do you make of that?” and no one said anything. “And all of a sudden I saw. I mean I saw 
how much we bring with us to our perception of things, how much we construct our worlds. And 
I realized that if this was true of windows, how about people? parents? myself, too? The whole 
world opened up to me, sort of, how everybody makes their own meanings, how different things 
can look in a different light, so to speak.” 

She then went on to say how the same experiment had been demonstrated at Harvard as just 
one more gimmick of perceptual illusion, The interviewer, bored with this complaint, brought 
her back to that moment in high school: “How did you feel then?” “Oh, it was awful. I mean, my 
world was shattered. I guess it’s sort of naive to use a word like this here, but it was like I lost 
my innocence. I mean nothing could ever be for sure—like it seems—I mean, again.” 

Our interviewer then asked, “How come you stayed with it instead of just laughing it off and 
forgetting it?” 

“Oh, that was because of the teacher! You see, I trusted him, and I knew he knew. I mean, we 
didn’t talk about it really, but he just looked at me and I knew he knew—what I’d learned—and 
what I’d lost! I guess because he knew what I’d lost, I could stay with what I’d seen.”  

… 
Does the teacher have a responsibility here, not only to promote growth and development, 

but to help people to do something with the losses?  (p. 269 – 271) 
 
Perry, William G. Jr. (1978). “Sharing in the Costs of Growth,” in Encouraging Development in 

College Students, C. A. Parker (ed), University of Minnesota Press: Minneapolis, pp 267-
73. 
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